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A liser-iinuccd-damage image iLiDI; i:: a muiLuudc of etch pcinu ;n.sidc an\ 
: pr:caiiv L'anf;parcnt [Tiateriai created bv a puiscd ;af,cr beam that is penoaicaiiN 
/bcjscd ai prosei points. 


points was created :n S and 


The f:rr>i "mieilecruai" composiuon oTiheso 
r'u :siaji labs ;honiy after laser-induccd-damaLie n;:x*arch staned 
;m.ji:es of oirr.ple omamcr-ts and word:".. ]r. ihe L".S . S):r:'j:ir imaaoj :nr>]de picoi^Jas 
cb; :ct5 \Ncrc made b\ Prof M J Soiicau and his c:-i.cagucs ;n aiidi^"''^.8 !n 
P.i: .sia. the -r-ages were produce:;! \n cr\ s'.al glasses Tne ^cihcd oe\ eloped t::o\c\\ 
?Ab:T ?.Tcrirc;ka. when man\ Russian :a:>er scientm ana engineers 'Aho haa been 
;n\oi\ :d :nifita.r\ research lost :he;r;ct:s and gCACrnmenc funairii^ 

•■ r,'-! ■,(}•, jcscr.hK.' 'he .CtU't'i ■.•crsu)n UL! prtj^iucr.on ,v;,v 

"^nc .iA ,tem IS compnscd of t\vo iubs-> -itcms. "T^ne llrst is the Computer Graphic 
s> :,tem 'CGS), which processes the image and transtbrms it into a great niimbcr of 
ptvels. .ietermming those points of the design or model m which the breakdowns are 
rjq-Jired :o create the -mage m the opiicaliv transparent maicnai The G:ccnd s the 
laser s\ stem, w hich uses Lhe informauon from the computer graphic svstcm tc- 
prcduce ±c image :n the matenai by focusing a puised (aser beam at preset pt.Mnts. 
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*<^nc,t number oi points neeaed U: produce a '^i'jh-duai:r,' :mc2c ■ 

Our e\7?er;ence proves that usuajly a g-xd 50 X 50 X 50-mm 3D image requires 
abc ut 50.000 :o 60.000 etch points. About 100.000 arc needed to reproduce a nigh- 
cuahty 2D 50 X 60- mm p<:'rTraiL 


."'('•V jc .r<u jr^'<::a crcsnes :r.suie :/:e ?\7>v .^r'Uhef ^tcrerci -'.hci \.-:in^ such r, ..vc? 
number o^'Jamao^e points-^ 
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There is the value J of the minimum distance bers^een adjacent etcn points m 
optically transparent matenai for a selected energ\- of laser radiaticn. If the distance 
between t^vo adjacent etch points ;n plane XT. peri^endicuiar to a laser beam. ;s 
s.Tjijcr than a crash 'inicmai spi::; ma> occur The vaiuc J of the mjnjmiLm 
di:i:ancc depends on :he laser radiation energy used to produce the:e romts snd on 
tne mater, a 1 pre per:: es, 

.-^.1=0, there is the value /. of the mirumum distance between adjacent eteh points 
ajcng the 'oeam for a seiectea energy.- of laier radiaiicn. !f die distance between ^vo 
adjacent etch points that are placed one after another along the laser beam :s smaller 
ahaj^. L. a crash mav occur 


Ofter. a muitirudc ( 


lis is 2er^er2tcc tr'^' 


attire the ennre d:st:b%ec 


hup: \v\\-\v. spie.org web. oer. no\ ember' nov^9 lasedamage.htmi 
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parailei planes perpendjcuiar :c ±c :i::ec'Jon of ±e laser beam so ±c ooims arc 
placed cniy in these planes. In 'iiis case. Lhe distance ber.veen adjacent ;:ianes is cciiai 
:o L and Lhe di stone v: becween adjaccn: etch points is equai :o J 


Figures i and 2 show a 
cross-secncn of a 3D image 
of Mickey Mouse, and 
Figure 3 lilustrates die 23T' 
pi:>inrs :n cross-sccaon 3" 
F:gurc 4 ;s a 3D image of 
Mickey \touse produced m 
an optically pohshecL high- 
index lead oxide iPbOi 
glass, known also as lead 
cry stal. Tnere are 15" 
parallel pianes cutung the 
enare di5pla>'ed image and 
the '.cial riumber ot^etch 
:x inLs of ihe iniauc is 

:.s :r.e numner oi'pomis 
or 20 portraits iiigner man 
'or SO images 

The a luc of d tiic 
[n.nimum distance between 
adjacent «nch points m die 
tnatcnal. is usually a \ alue 
Lhat enables one to see 
adjacent eich points as 
individual points. As a 
reiiuit, any image reproduced 
m a transparent matcnal has 
a rough point structure 
visible 10 ihe naked c> e 
'Figure 3) Obviously, this 
kind of point structure ma\ 
be good enough for a 3D 
image, but it may not be 
acceptable tor a portrait. 




Figure 1. Two projections of a 3D image of 
Mickey Mouse on (a) plane XY, and (h) plane Y2. 
19, 20, 37, 38, 50, 51, 61, 62, 99, and 100 are 
several of the parallel planes that divide the 
entire image. The distance between them is 
equai to L. 



Figure 3. Two images of 3D Mickey Mouse produced inside a lead 

hup \\Av\v. spie.org. web oer novembernov^9 lasedama2e.html 
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crystal (front and side view). 


A pen au zx^. be prc-duccd using 
5e%c:ai '.a\crs E\eiA ::ianc 'la\'er' ;s 
paraiic: wrJ: respcc: lo Lhc pcnra:: 
plane and perpcnJicui.ii :o :he '.asc: 
beam. Tnc distance betAveen adjacent 
paraile; planes is set equai to the 
mminaum distance L. so the material 
docs act ore ax. The eah points m 
evcr\ :j\cr ore arrnjiged so :hai 'jic 
distanc; bervveen adiaccni points :s 
equal tc the minimum ii stance out 
prcject:ons orail poinu of ail !j\ crs or 
:he p^?nraIt pianc Jcn5;:i\- fiU ;n i^c 
cr.iirc region >:)f the image So s:'. crai 
lavcr^ arc produced mete ad of one 
iaycr but an obser^ cr perceives this 
';;ancu ;ch'' as a onc-ia\cr completed 
ponrjji wjLhoui a .sharp voini 5trjcrure 

''rcin.:'< rm:no jH ;/7;-<.v dixc:^ :n:o 
c'!cn ;^<:.nis :r. :ne ■>ici(er::. res j 
P^'O/cukl! ^jfes: on :r:e .:u^:::r,' 
rcprc-iiucea porrrcii;. Bui row Jo ;.ou 
:rc^*:.\ 'er 7''!g'7iress 'he ^/Ti'-j 
'•r.io the mCiCcria:"' 



Figure 4. Image of 3D Mickey Mouse \ 

(17, 301 etch points) and 2D image of i 

Wait Disney portrait (32, 503 etch ! 

points). j 


n^erc arc se\ eral methods One :s cased on the followmg physical phenomenon; tiie 
more etch dim.cnsicn the greater the bngnmess For example, dilTerent etch point 
dimensions can be obtained by chanams the laser energy- Etch point .iimensidns 
:ncrc:ise with an increase m laser radiation energy, Another mxincd is that the greater 
ahe den:;itv of pomts m a given area, the greater die summary' bnghmcss of the area. 

Huw Vi 'u paicniea :ne .ibove me: nous o'' computer graonic systems ' 

Yes. One patent applicauon is approved and thj-cc more arc pending. 

'^'hat JO you '.hmi-: will be the .';a.v:'; /i^rr^re Jevelopments of this exc:r:r<^ technCiOg;,'^ 

Ail basic in\esugations arc now directed tcward creating color images. Tnis is a 
duTicult next step, but vc have high hopes 
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Igor y. Trails ki was born m lO-tL QruJuuit J tr^.wi the 
Moscow Physical and Technical insnrure in [9(-5 and, in 1969 

and received his i/andidaie ofTechnical lenccs ■Phi); 

iind !J()ciorate of Technical Sciences, rcspeciivciw pf^ more 
^han (en \ ears, he held a hill professorship at the Moscow 
Physical and Technical Prisiiiuie. He is the author ojmore than 
!00 scientijic works, includino four books. He holds (3 Russian 
paienis and one o'.S. patent, and he has three T.S. patents 
pendm'^. He has worked in the i\S. since P994 md now has his 
'jwn physical lab m \evada, where he researches new methods 
<:} creatin'e images inside transparent materials usmo^ lasers. 
He was interviewed hy Edmund Akopow Execuiive Director of 
the SPIP Russia Charter and Development Direc!()r r^PSPP^ 
Russia PS fP. 

For more injormation. please comae: : Prnj' Igcr Troiiski. Sf 3 Arrowhead Tri. 
Henderson. y\' Vj>0 ! : Fjx "02 ::S-:6:0. Emol: :^or !rousr:: a. spr:n:m a:i com. 
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